The incidence of papillary thyroid cancer (PTC) is rapidly growing, the recorded increase being mainly related to tumors %2 cm. The re-classification of tumors O1 and %2 cm limited to the thyroid from the T2 to the T1 category triggered some concerns about their best management. In order to identify possible predictors of disease outcome, several clinico-pathological features were analyzed by uni-and multivariate analyses in a retrospective consecutive series of 251 PTCs %2 cm. Moreover, since 37% of cases were submitted to prophylactic central compartment node dissection (CLND, VI-VII levels) and radioiodine ablation was performed only when the tumor had an extrathyroidal extension, the impact of these therapeutic tools on the final outcome was evaluated. Among all outcome predictors analyzed, only lymph node metastases and extracapsular invasion were strongly associated with persistence/recurrence. It is worth noting that neither age nor tumor size was a significant indicator of the outcome. Interestingly, as far as the therapeutic interventions are concerned, CLND was strongly associated with remission, whereas radioiodine ablation did not influence the outcome. In conclusion, present results confirm the prognostic influence of node metastases and extra-thyroidal invasion, indicating the need for aggressive treatment in tumors extending beyond the capsule. On the contrary, all pT1N0 tumors, regardless of the diameter, the number of intrathyroidal foci, and the age can be effectively treated only by surgery. The major impact of prophylactic CLND on prognosis suggests to routinely associate it to total thyroidectomy in cases with a preoperative diagnosis of malignancy.
Introduction
The incidence of papillary thyroid cancer (PTC) is rapidly growing (Hodgson et al. 2004) , only partially due to an actual increase in disease occurrence and mainly to the improvement of diagnostic methods, such as ultrasonographic evaluation and fine-needle aspiration cytology. Indeed, the recorded increase is mainly related to tumors %2 cm and in particular to those measuring 1 cm or smaller, defined as microcarcinomas (PTM; Davies & Welch 2006) . PTMs account for up to 30% of all differentiated thyroid cancers (Bramley & Harrison 1996) and are frequently diagnosed during surgery for benign thyroid diseases, being classified as 'incidental PTM' (Baudin et al. 1998 , Sugitani & Fujimoto 1999 . Several studies demonstrated that PTMs have a more favorable prognosis than larger tumors (Hay et al. 1992 , Noguchi et al. 1996 , Baudin et al. 1998 , Sugitani & Fujimoto 1999 and the high prevalence of these tumors in autoptic series (5-35%; Sampson et al. 1974 , Harach et al. 1985 favored the idea that PTMs can become clinically evident in a minority of cases. Nevertheless, locoregional recurrences (0-11% of patients with PTM; Grant et al. 1988 , Hay et al. 1992 ) and, in rare cases, distant metastases, have been reported (Strate et al. 1984 , Mazzaferri & Jhiang 1994 , indicating the need to distinguish between lowand high-risk tumors even in the microcarcinoma category. Indeed, PTMs limited to the thyroid gland are considered low-risk tumors and can be effectively treated with total thyroidectomy alone, while PTMs with extrathyroidal extension deserve a more aggressive treatment (Pacini et al. 2006) . However, while a consensus has been reached for small tumors below 1 cm, some concerns exist about the treatment of tumors of the size between 1 and 2 cm limited to the thyroid, previously staged as pT2 and recently reclassified as pT1 (AJCC, 6th edition). Another matter of discussion regarding PTC management is the opportunity to perform the prophylactic central neck dissection (CLND), as recently proposed by some authors (Sywak et al. 2006 , White et al. 2007 ) based on the fact that thyroid tumor cells are spread through the lymphatic system in a sequential fashion, the first involved being the central compartment. Indeed, cervical lymph node metastases at diagnosis are quite common in PTC (20-50% of patients) (Cooper et al. 2006) , and micrometastases are even more frequent, found in nearly 90% of cases (Arturi et al. 1997) .
Some studies evaluated the clinical features and prognostic factors of small tumors. Among PTMs, tumor size was found to be associated with a more aggressive disease, but not to affect the final outcome (Chow et al. 2003 , Roti et al. 2006 . Accordingly, the risk to develop extrathyroidal extension and locoregional metastases increases with size starting from a diameter of 5 mm, while the risk for distant metastatization begins to increase in tumors O20 mm (Machens et al. 2005) . As far as tumors below 2 cm are concerned, the retrospective analysis of patients with PTC smaller than 1.5 cm showed that tumor size was not a predictor of persistent/recurrent disease (Pellegriti et al. 2004) . More recently, it has been reported in a large series that tumors of the size 11-20 mm have more aggressive features than those %1 cm (Rossi et al. 2008) . However, in that descriptive study, outcome predictors were not assessed.
The aim of the present study was to retrospectively evaluate clinical features of small PTCs, dividing them into two groups according to the diameter %1 and O1%2 cm. Moreover, in order to define the better therapeutic approach and follow-up for these tumors, outcome predictors of persisting or relapsing disease were analyzed by appropriate statistical analyses. Finally, the impact of both radioiodine ablation and prophylactic CLND (VI-VII levels) on the final outcome was studied.
Materials and methods

Patients and methods
Among 2166 consecutive patients submitted to total thyroidectomy at the Endocrine Surgery Unit from 1995 to 2006, 438 patients (93 M, 345 F, mean ageG S.D. 45G15.4) had a diagnosis of PTC. For the purpose of the present study, 251 sequential patients (57.3%) with tumors %2 cm were considered. All the patients received the same treatment. In particular, they were all operated by the same surgeon, were treated with radioiodine at the same center and followed up by the same endocrine equipe. All the patients underwent total thyroidectomy, while prophylactic central lymph node dissection (CLND) was performed, starting from September 1998, in all cases (nZ92) with a previous diagnosis of malignancy. In particular, CLND consisted in the removal of all soft tissue-containing lymph nodes from the hyoid bone superiorly to the innominate vessels inferiorly, the lateral borders being the common carotid arteries. This compartment (VI-VII levels) comprises the precricoid (Delphian), pretracheal, and paratracheal nodes, including nodes along the recurrent laryngeal nerves. Paratracheal dissection was ipsilateral in 82 patients, and bilateral in those cases (nZ10) in whom the tumor had an isthmic localization or bilateral foci were known preoperatively. Patients with a preoperative ultrasonographic or clinical suspicion of laterocervical lymph node metastases were submitted to ipsilateral (nZ32) or bilateral (nZ3) laterocervical dissection. Tumors were classified according to the thyroid malignancy World Health Organization classification (Hedinger 1988) and staged according to the sixth edition of TNM staging (AJCC 2002) . A direct laryngoscopy was performed preoperatively in all the patients, and post-operatively in patients presenting with any phonation disorder 5 days after surgery. As far as radioiodine ablation is concerned, among all cases operated before January 2004, 61.3% (103/168) was treated with 50-100 mCi of 131 I. The non-treated patients all had tumors %1 cm limited to the thyroid. Starting from January 2004, following the publication of the sixth TNM edition, all pT1N0 and pT1mN0 patients were treated only by surgery. Thus, the percentage of radioiodine ablation decreased to 44.6% (37/83 patients).
All the patients were followed up according to the European guidelines for thyroid cancer (Pacini et al. 2006) . In particular, thyroid residue ablation was assessed by recombinant human TSH test (Thyrogen, Genzyme Corp., Cambridge, MA, USA) 10-12 months after radioiodine therapy. The patients were maintained on TSH suppressive L-T4 treatment unless disease remission was documented and were then shifted to lower doses, aimed to reach TSH levels between 0.5 and 1.0 mU/l. Patients in remission were yearly monitored by neck ultrasound and Tg/Ab-Tg evaluation, during L-T4 treatment. TgAb were measured by Liaison Kit (Byk-Sangtec Diagnostica, Dietzenbach, Germany), while Tg levels were measured by means of a highly sensitive (minimal detectable concentrationZ0.18 mg/l) immunometric assay (Delfia hTg; Wallac, Turku, Finland). Patients with persistent or relapsing disease were treated by surgery and/or radioiodine treatment.
Patients with tumors %2 cm were divided into two groups according to tumor size: group AZ tumor %1 cm (156 patients, 120F/36M), and group BZ tumor O1%2 cm (95 patients, 78F/17M).
Criteria for the identification of disease status
Criteria used to identify remission or persistent/recurrent disease were drawn on the bases of the European and American guidelines for the management of differentiated thyroid cancer (Cooper et al. 2006 , Pacini et al. 2006 . Moreover, cut-off values for both basal (during thyroid hormone therapy) and rhTSHstimulated Tg levels have also been established based on the experience derived by the use of the same Tg assay on a long-term basis.
Patients with differentiated thyroid cancer treated with total thyroidectomyGlymphoadenectomy and radioiodine ablation Remission: undetectable (!0.2 mg/l) basal and stimulated Tg levels at the rhTSH test performed 10-12 months after initial treatments with negative antithyroglobulin autoantibodies and neck ultrasound. Persistent or recurrent disease: presence of at least one of the following: a) basal Tg levelsO2 mg/l on consecutive determinations; b) Tg response to rhTSH higher than 2 ng/ml or higher than 1 ng/ml in 2 rhTSH test performed with 10-12 months interval; c) presence of neck or body masses with a cytology and/or Tg washout levels positive for metastasis of thyroid cancer; d) presence of radioiodine uptake; and e) persistence of anti-Tg antibodies for more than 4 years with a trend to increase or sudden rise of autoantibodies.
Patients with differentiated thyroid cancer treated with total thyroidectomyGlymphoadenectomy
Remission: a) undetectable basal Tg levels or basal Tg levels comprised between 0.2 and 1 ng/ml but with a reduction trend between Tg levels after surgery and at 10-12 months control, in association with negative anti-thyroglobulin autoantibodies and neck ultrasound; and b) basal Tg levels %1 mg/l not responsive or with a response to rhTSH %2 mg/l without significant variations in two determinations performed with 10-12 months interval with negative neck ultrasound. Persistent or recurrent disease: presence of at least one of the following: a) basal Tg levels O2 mg/l on consecutive determinations; b) Tg response to rhTSH higher than 2 ng/ml or with a trend to increase in 2 rhTSH test performed with 10-12 months interval; c) presence of neck or body masses with a cytology and/or Tg washout levels positive for metastasis of thyroid cancer; d) presence of radioiodine uptake; and e) persistence of anti-Tg antibodies for more than 4 years with a trend to increase or sudden rise of autoantibodies.
In patients with a poorly differentiated histotype, other procedures such as CT scan, MRI, and FDG-PET were also used to identify persistent or recurrent disease.
Statistical analysis
The following clinical, histopathological, and therapeutic variables were analyzed and compared in the two groups: age at diagnosis, gender, incidentality, mode of diagnosis, pTNM, multifocality, lymph nodal metastases at histology, stage, central node dissection, laterocervical dissection, radioiodine ablation, radioiodine uptake, Tg levels at the last follow-up visit, and outcome. Relations between discrete variables were evaluated by means of c 2 test or t-test, as appropriate. The following outcome predictors were evaluated by uni-and multivariate analysis: gender, age, multicentricity, lymph node metastases and extrathyroidal extension at histology, central neck dissection and radioiodine ablation. Univariate analyses between covariates and risk of recurrence were performed using c 2 test. Multivariate analysis of prognostic variables was carried out by stepwise logistic regression. Statistical significance was defined as P!0.05. All statistical analyses were performed using 
Results
Clinical, pathological, and therapeutic features
Clinical and pathological features of groups A and B are reported in Table 1 . The mean age at diagnosis was of 46.5G23.3 years (range 12-78) and the female/male ratio was 4:1, without significant differences between groups A and B. A significantly higher number of incidental tumors, i.e. diagnosed following thyroidectomy for benign disease, was found in group A compared with group B (52.6 vs 24.2%, P!0.0001), while the cytological diagnosis on the nodule was more frequent in group B (41 vs 72.6%, P!0.0001). Interestingly, in about 5% of cases the diagnosis was done on a metastatic lymph node. Among the 251 patients with tumor %2 cm, 185 (73.7%) have been classified as pT1. A significantly higher rate of pT1 cases was found in group A (85.9 vs 53.7%, P!0.0001), while most pT3 cases were found in group B (41 vs 12.2%, P!0.0001). No significant differences were noted in multifocality (41.7% in group A and 47.4% in group B), whereas lymph node metastases found at histology were more frequent in group B (38.9 vs 23%, PZ0.009). Among patients submitted to laterocervical dissection, due to the preoperative suspicion of metastatic disease, 77.7% (group A) and 74% (group B) had at least one According to the staging system that consider TNM and age, no differences in stages were found between the two groups in patients below 45 years, while stage I was significantly more represented in group A when considering patients older than 45 years. As expected, due to the high frequency of incidentality in PTM, CLND was more frequently performed in patients of group B, for the majority of them a preoperative diagnosis being available. Patients of group B were more frequently ablated with radioiodine (P!0.0001) and were given a slightly higher total dose of radioiodine, considering ablating and therapeutic doses (PZNS).
The mean follow-up was of 69.2 months (median: 60 months, range 3-144), not different from groups A and B. Tg levels at the last follow-up visit during L-thyroxine treatment were 0.31G0.58 in group A and 0.33G0.93 in group B (PZNS). No differences in the outcome were observed, neither considering all tumors (any pT) nor examining only pT1 tumors. Persistent or recurrent disease was recorded in 27 patients (10.7%). In particular, 22 of them have not been submitted to CLND and had the following diagnosis of recurrence/persistence: Tg levels indicating persistence without evidence of disease (72.7%); Tg levels indicating persistence and ipsilateral paratracheal metastatic nodes (20.6%); Tg levels indicating persistence and bilateral paratracheal metastatic nodes (5%) and Tg levels indicating persistence and ipsilateral laterocervical metastatic nodes (1.7%). The remaining recurrent/persistent patients have been submitted to ipsilateral central dissection in three cases and to bilateral central dissection in two cases; they all displayed Tg levels indicating persistence, associated with clinical evidence of laterocervical metastatic nodes in one case and to distant metastases to lungs, liver, and bone, already present at diagnosis, in another patient.
Thus, persistence/recurrence was diagnosed in 22 out of 159 (37.3%) patients not having CLND, in 3 out of 82 (3.6%) cases treated with ipsilateral CLND and in 2 out of 10 (20%) patients submitted to bilateral dissection.
The rate of complications did not increase in the group of patients who underwent CLND (Fig. 1) . In particular, a transient hypoparathyroidism was recorded in 7.2% of patients submitted to total thyroidectomy alone and in 8.8% of cases treated with total thyroidectomy and CLND, while a permanent hypoparathyroidism was found in 3.6 and 1.5% of patients. A temporary laryngeal nerve paralysis was observed in 3.1% of patients treated by thyroidectomy alone and in 2.7% of cases with CLND associated, Figure 1 Rate of temporary and persistent surgical complications (hypoparathyroidism and recurrent laryngeal nerve injury). No statistically significant differences were found between patients who underwent total thyroidectomy associated or not with central node dissection.
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Prognostic factors associated with persistence/recurrence (outcome predictors)
Univariate and multivariate analyses were carried out to identify clinical, pathological, and therapeutic features associated with persistent/recurrent disease. Patients who underwent laterocervical dissection (nZ35) had a preoperative diagnosis of lymph nodal metastases and were thus excluded from these analyses. Considering groups A (nZ136) and B (nZ80) separately (Tables 2 and 3) , univariate and multivariate analyses showed that in both the groups the most important predictors of persistent/relapsing disease were lymph nodal metastases and extrathyroidal invasion at histology. In group B, multicentricity was associated with disease persistence/relapse at uniand multivariate analyses. CLND was found to be significantly associated with a better outcome both at univariate and multivariate analyses in group B, whereas no significance was found in group A. This discrepancy is likely due to the low number of patients submitted to CLND in group A, in which most tumors were incidentally found. In group A, radioiodine ablation was weakly associated with remission only at univariate analysis, whereas in group B it was not associated with outcome.
Other variables, such as gender and age were not predictors of relapsing/persisting disease neither in group A nor in group B.
Considering the two groups together (Table 4) , thus including all tumors %2 cm, univariate analysis showed that multicentricity, tumor size, lymph node metastases at histology and extrathyroidal invasion were associated with persistent or recurrent disease. The significance of these outcome predictors was confirmed at multivariate analysis only for lymph node metastases at histology (P!0.0001) and extrathyroidal invasion (PZ0.001). As far as the therapeutic interventions are concerned, radioiodine ablation was an indicator of remission only at univariate analysis, whereas CLND was found to be associated with a better outcome at uni-and multivariate analyses.
Discussion
The re-classification of tumors O1 and %2 cm limited to the thyroid from the pT2 to the pT1 category (AJCC 2002) triggered some questions about their best management. Indeed, indications for treatment and follow-up of PTM are included in both European and American guidelines (Cooper et al. 2006 , Pacini et al. 2006 , whereas no consensus exists for tumors with a diameter between 1 and 2 cm. Thus, in the present study, clinico-pathological features of two groups of small PTCs divided according to their diameter (%1 and O1%2 cm), have been reported. Moreover, in order to identify potential predictors of disease outcome in these tumors, several clinical, pathological, and therapeutic parameters were analyzed by appropriate statistical analyses. The present cohort of patients is homogeneous since all the patients were submitted to total thyroidectomy by the same surgeon and followed up by the same endocrine equipe.
In the present series 41.8% of cases were incidental tumors, in accordance with literature data (Pellegriti et al. 2004 , Roti et al. 2006 , Besic et al. 2008 ) and as expected were more frequent in group A. Multifocal lesions were found with a frequency higher (44%) than that in other cohorts (20-40%; Baudin et al. 1998 , Pellegriti et al. 2004 , Roti et al. 2006 , Besic et al. 2008 , Rossi et al. 2008 ). This could be due to epidemiological reasons, genetic background, or to a more accurate pathological evaluation of samples. In PTCs %2 cm, the impact of multicentricity on tumor outcome is still debated. Indeed, in some studies it has been significantly correlated with disease relapse (Baudin et al. 1998 , Chow et al. 2003 , Pellegriti et al. 2004 , whereas in other series the association with the outcome has been found to be marginal, indicating that a more aggressive treatment is not required in case of multiple foci (Kato et al. 1992 , Mazzaferri & Jhiang 1994 . In the present series, multicentricity was associated with a worst outcome in tumors of group B, whereas no significance was found at the multivariate analysis performed on all tumors %2 cm. In PTCs, tumor size has been always considered an important prognostic factor, PTM being generally regarded as indolent and larger tumors being more frequently associated with metastatic spread (Hay et al. 1992 , Chow et al. 2003 , Leboulleux et al. 2005 , Roti et al. 2006 . Accordingly, the risk of extrathyroidal invasion and lymph node metastatization was found to increase starting from a diameter of 5 mm (Machens et al. 2005 , Besic et al. 2008 , while an increased risk of distant metastases was reported for a diameter R8 mm (Roti et al. 2006) or O20 mm (Machens et al. 2005) , though no significant differences in the outcome were observed. As far as small tumors are concerned, in the retrospective analysis of a large series of patients with PTC smaller than 15 mm, tumor size was not a predictor of persistent/recurrent disease (Pellegriti et al. 2004 ). Differently, another study showed that cancers 11-20 mm had more aggressive features than those %10 mm, though those data were not evaluated with respect to the outcome (Rossi et al. 2008) . The present study first shows that primary tumor size is not a predictor of relapse/persistence in tumors %2 cm. This argues in favor of the validity of the last TNM staging system, which includes all tumors %2 cm limited to the thyroid in the T1 category. Extrathyroidal invasion and lymph nodal metastases at diagnosis were significantly more represented in group B and were highly correlated with a worst outcome both at uni-and multivariate analyses, in accordance with previous studies (Hay et al. 1992 , Chow et al. 2003 , Pellegriti et al. 2004 , Besic et al. 2008 . As far as outcome predictors related to treatment procedures are concerned, the role of post-surgical radioiodine ablation in small PTC is controversial, since either a positive effect (Chow et al. 2003) or any impact (Baudin et al. 1998 , Sawka et al. 2004 ) on the outcome has been reported. In the present series, radioiodine ablation was not associated with the outcome at multivariate analysis. However, it must be highlight that in group B a higher percentage of patients was treated with radioiodine (77 vs 43%). This could represent a bias, and the evaluation of a larger number of cases with tumors O1%2 cm not treated with radioiodine is needed. Nevertheless, though PTM were significantly less treated either by radioiodine ablation or by CLND, the rate of remission was not different between the two groups considering only pT1 or even any pT cases. In the present study, ipsilateral or bilateral laterocervical dissection was performed only in patients with a preoperative clinical or ultrasonographic suspicion of laterocervical lymph node metastases, representing 24% of patients with a nonincidental tumor. Interestingly, in about 5% of cases the diagnosis was done on a metastatic lymph node, with a higher frequency in PTM. These data, consistent with previously reported results (Chow et al. 2003) , suggest that in some tumors the earlier carcinogenic drive is toward metastatization instead of growth.
Interestingly, prophylactic pretracheal/paratracheal lymph node dissection (CLND, level VI-VII) was highly associated with remission. In particular, 33.3% (group A) and 51.5% (group B) of patients who submitted to this surgical procedure were found to have at histology at least one metastasis in pretracheal or paratracheal lymph nodes. In none of them tumor recurrence was observed, in accordance with a previous report (Besic et al. 2008) . It is also worth to note that this prophylactic procedure leads to a precise identification of the lymph nodal involvement at disease presentation, leading to a better definition of the follow-up. Finally, if performed by skilled surgeons, CLND is not associated with an increased risk of complications, as demonstrated in the present study and in other series ). However, while the management of clinically apparent lymph nodes is generally agreed upon in most centers, controversy exists about the role of prophylactic CLND, though the frequent involvement of the central compartment is well known (Gimm et al. 1998 , Machens et al. 2002 , Qubain et al. 2002 and reoperation in that region is quite difficult due to the higher risk of recurrent nerve injury , White et al. 2007 ). Nevertheless, the topic remains controversial both due to the evidence that node metastases in PTC can increase local recurrence rates, but do not ultimately affect survival (Hughes et al. 1996) and due to the absence of prospective, randomized data studying the impact of CLND on recurrence or disease-specific mortality in PTC. Present data are concordant with previous results obtained in surgical series (Sywak et al. 2006 , White et al. 2007 ) and seem to indicate a major role of prophylactic CLND in PTC outcome. Although this surgical procedure will not likely alter disease-related survival rates, it can be argued that, particularly in low-risk PTC cases for which the likelihood of death from cancer is very low, a prompt M Perrino, G Vannucchi et al.: Outcome predictors in papillary thyroid cancer www.endocrinology-journals.org complete remission has a great significance for both the patient and the treating physician.
In conclusion, present results confirm the prognostic influence of node metastases and extrathyroidal extension, indicating the need for an aggressive treatment including total thyroidectomy, lymphadenectomy, and radioiodine ablation in all tumors extending beyond the thyroid capsule (pT3, pT4) and in the presence of locoregional or distant metastases (any-pT with N1 and/or M1), in accordance with European and American guidelines (Cooper et al. 2006 , Pacini et al. 2006 . At variance, since in the present series neither tumor size, multicentricity, age, nor radioiodine ablation has been shown to affect outcome, all pT1N0 tumors, regardless of the tumor diameter, the number of intrathyroidal foci and the age, can be effectively treated only by surgery. The major impact of prophylactic CLND on prognosis recommends to routinely associate it to total thyroidectomy in cases with a preoperative diagnosis of malignancy.
Declaration of interest
Authors declare that there is no conflict of interest that could be perceived as prejudicing the impartiality of the research reported.
